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Comparative in vitro activity of garenoxacin against Cfdamydkz spp. 
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The in vitrosusceptibilities of 33 isotatesof Chlamydia trachomatis, Chlamydiapneumoniaeand 
Chlamydia psittaci to a new quinolone drug, garenoxacin @MS-284756). in comparison with 
levofloxacin, ciprofloxacin, doxycycline, erythromycin and roxithromycin, were determined. 
Garenoxacin was the most active of the quinolone drugs tested, with identical MtC and MEK, 
which ranged from 0.007 to 0.03 mg/L. The MIC and Mf3C of the other two quinolones tested, levo- 
floxacin and ciprofloxacin, were also identical, ranging from 0.25 to 2 mglL.The MlCs and MBCs 
of doxycycline, erythromycin and roxithromycin were alsodetermined. 

Introduction 

Members of the genus Chlamydia are obhgate intracellular 
parasites that play an important role in both human and animal 
diseases.’ ChIamydia trachomatls causes human genito- 
urinary tract infections and is associated with neonatal con- 
junctivitis and pneumonitls. Chfamydia psittaci strains are 
related to human respiratory tract infections acquired from 
infected ammals Chfamy&n pneunzon~~e IS a relatively new 

species. which causes respiratory tract lnfectlons in humans. 
Chlamydin pecorunr strains are isolated from ruminants. 

Although tetracyclines and macrolrdes were recommended as 
first-hne drugs for the treatment of chlamydtal infections in 

humans, the development of effectrve antimicrobial agents 
for the treatmentofchlamydial mfecttons is very important. in 
order to prevent the frequent recurrence of these infections 

The new fluoroqulnolones have potent tn vtfro activtty against 

a broad range of atypical respirator-y pathogens, including 
tiStone/kf. ChlanrFdia species? and M~cop~na~rcr ~IIPUHIO 

nine ’ In the prescltt study. WC tested the actrvity of a new 

qucnolone. garcnox‘rcrrt (BMS-284756). against C. fmcl~n- 
nu~ff~. C. prrrrcr and C ~~~I~U~~W~IUIC stratns tn cowpa~ ISOII 
with ~hcqucnolonc dough Ic~otlonucc~~ and clprotloxacln. and 
rv~thdoxycycl~nc.c~yth~oc~~yc~~~ Jildc-oxlthromycln 

GSucnoxxui IS, <I dc> F(6) qumolonc (lacking rhc 6 
~WIIIO~ tltloc~llc ~ypcc,~l of cxlxtrng tluoroqurnolonc>) with ;I 
I~lcLld 1.111”1‘ 01 .Illllh,tcrcc I.11 Xll\‘ll)’ rlgJlII\l GlJlll IlC~.lll\C 

.liNl C~l.ll\l )Khlll\i’ j’~lllCy~ll\ IlKlurllll~: CCII.LIlI qwllol,rllc 

resistant strains.” Thus des-F(6) quinolone exhlblts activity 
against respiratory pathogens and could be a therapeutic 
option for empirical treatment of respiratory tract infections. 
The high intrinsic in virro activity against fastidious and 
atypical microbial species such as mycoplasmas’ or urea- 
plasmas. Legionella spp.. Heiicobacter pyfori.5 Borrelia 
burgdorferi. C. trachomatis and C. pneumoniae strains and 
gonococci > supports Its use for the treatment of community 
and nosocomial infections 

Gareno.uacln has the same mechanism of action against 
DNA topolsomerases as other quinolones but has a stronger 
level of potency.6 In fact. its antibacterial actlvlty and spec- 
trum compared with five quinolones (trovafloyacin. moxi- 
floxacin.levofloxacin,ofloxacin andccprofloxacin) was found 
to be high against a significant number of Grant-positive and 
Gram-negative. aerobic and anaeroblc bacteria ’ 

Materials and methods 

t?acrcrrd SlJ12itrs fltrd gcwth c~rtd/f~orrs 

A total number of 33 Cl~la~rl@n lsolatcs were tcstcd IO 
C. II~IC/IOWI~~~ rsolates thtrc C ~IIIC’UIIIOIIICIC ~solarcs and 
20 C l~.\irmc r isolates Isolates ofC rrrtchorr~crrc~ included tive 
typed strains (scrovdls D. E. H. I and LGV2) and five untyped 
cltnical ~solaw, tccently Ixolatcd tc-ecu wethr aI \\vahs of male 
patrc~~~r u Ith non-gonoioccal ulcthrttlc c ,Illel~ll,ollwC 

l\Oi.llC\ co~llp~ l\Cd OIIC I CiClII I~Ol.l~C 110l11 ILIly .Illd I*0 tcfcl 

Cl,<\‘ l\Ol.i~~~\ 101~-‘~17 (<LIiz ~~tlLl1lv I\ol,lIc<l I,, I’,(17 1” i.cu\dau 



from an Iranian child with trachoma) and CM-l (a cltnical fuged at L7OOg for I h The medium was then removed and 
isolate from the Centers for Dtsease Control and Prevention. 
Atlanta. GA. USA. ATCC VR-I 360) serologically identical 

replaced with EMEM supplemented with 10% FCS, glucose 
(5 mg/L). cycloheximide (I mg/L) and serial two-fold d&h- 

by the micro-immunofluorescence test to the referenceisolate 
TWl83 (ATCC VR-2282) The 20 isolates of C. psirfaci 

tions of each antibiotic. All tests were run in triplicate. After 

studied included eight reference strains and I2 isolates from 
incubation at 3S”Cfor48 h.cultures weretixed with methanol 

infected animals in [taly (provided by Or Magnino, Dtag- 
and stained for inclusions with a fluorescein-conjugated 

nostic Section. Zooprophylactic Institute. Pavia. Italy). The 
monoclonal antibody specific for the chlamydial lipopoly- 

eight reference strains were represented by the avian (para- 
saccharide genus-specific antigem The MIC was the lowest 

keet) stram 6BC (USA). the ovine (lamb) strain A22 (Scot- 
concentration preventing >90% chlamydial inclusion detec- 

land). the ovine strains W73, S26/3 and P787 (Scotland). the 
tion compared with the drug-free control. The minimal bac- 

caprine abortion stram Krauss IS (Scotland), the feline pneu- 
tericidal concentration (MBC) was determined by aspirating 

monitis strain FePn- I45 (USA) and the meningopneumonitis the antibiotic-containing medium, washing wells twice with 

strain MePn-343 (ferret. USA). Susceptibility testing of the phosphate-buffered saline, adding antimicrobial-free medium 

33 chiamydial isolates tested was performed in LLC-MK2 and re-incubating the plates for 48 h at 35°C. Cells were then 

cells (a continuous cell line derived from Rhesus monkey fixed and stained as described above. The MBC was the 

kidney tissue) grown in 24-well plates containing a glass lowest-antibiotic concentration resulting in >90% reduction 

coverslip (diameter, I2 mm) at the bottom. The cell growth of inclusions. 
medium was Eagle’s minimum essential medium (EMEM) 
supplemented with 10% heat inactivated fetal calf serum Resuks 
(FCS). IO mg/L gentamicin. 10 mg/L vancomycin and con- 
taining 2 mM glutamine and i .7 mg/L glucose. The MICs and MBCs for C. trachomatis and C. psifraci xc 

shown in Table I. The MICs and MBCs for C. pneurnor~ine 
Antimicrobial drugs arid sensitivq assays are shown in Table 2. Both the MlCs and MBCs of garen 

The antimicrobial drugs were provided as powders and solu- 
oxacin for the 33 Chfamydia isolates ranged between 0.00~7 

bilized according to the instructions of the manufacturers. 
and 0.03 mg/L. The MIC values of levofloxacin and cipro- 

Garenoxacin was supplied by Bristol-Myers Squibb (Syra- 
floxacin were the same as the MBCs, ranging between 

cuse, NY, USA), levofloxacin was purchased from Ortho- 0.25 and I mg/L and between I and 2 mg/L. respectively. The 

McNeil Pharmaceutical (Mt Prospect. IL. USA). cipro- MICs of doxycycline ranged between 0.03 and 0.06 mg/L. 

floxacin was supplied by Bayer (West Haven, CT. USA), and and the MBCs ranged between 0.06 and 0. I25 mg/l.. The 

doxycycline. roxithromycin and erythromycm were pur- range of MICs of erythromycin was between 0.125 and 

chased from Sigma (Milan, Italy) Each of the 24.well plates I mg/L and MBCs ranged from 0 25 to 2 mg5. The MlCs of 
was inoculated with an rnoculum of chlamydiae that yIelded roxithromycln ranged between 0.06 and 0.25 mg/L and the 
5 X IO’ inclusion forming units (ifu) pet- mlllilltrc and centrc- MBCs between 0. I25 and 0.5 mg/L. 

M. Donati et ai. 

Table 1. MlCs (mg/Lt and MBCs (mg/L) of garenoxacm and other antimicrobials for 30 isolates of C. rruchomarts and C. psirrc~c I 

Agent 

Garenoxacin 

Levofloxacul 

Clprolloxactn 

Donycychnc 

Eryll~rornycin 

ROXII~IIIIIII\~,I, 

Organtsm 
No. of 
isolates 

IO 
20 
IO 
20 
IO 
20 
10 
20 
10 
2u 
III 
XI 

M  IC range 

0007-003 
0007-003 
0.25-I 
02545 
I-2 
I -2 
00!406 
0 03-O 06 
0 175-l 
0 1’5-025 
0 I !%(I 25 
0 oo-0 2, 

MIC, 

0.015 
0015 
OS 
0.5 
2 

0.03 
003 
OS 
US 
0 25 
0 125 

M IC, MEIC range 

0.03 0 007-o 03 
0.03 0.007-O 03 
0.5 0 25-l 
0.5 02545 
2 l-2 
2 l-2 
0 06 0 064.l15 
0.06 006-O 115 
I 0 25-2 
0 5 0 25-l 
0 75 0 IS-0 F 
0 !5 Cl I ‘5-O 5 

MBC, 

0015 
0015 
OS 
OS 
2 
I 
006 
0 06 
I 
I 
0 5 
(I L-T 

MUC, 

0 0; 
00; 
I 
0.5 
2 
2 
0 I_‘1 
0 I’5 
2 
I 
0 5 
0 > 



In vifro activity of garenoxacin against Chlamydia 

Table 2. MICs (mgn.) and MBCs (mg/L) of garenoxactn and other anrimicroblals for three isolares of C. yneumonioP 

Isolares 

GarenoTacm 

M IC MBC 

~ ~~~_______~ 

L.evofloxacln Clprofloxacin 

MIC MBC MIC MBC 

Doxycyclme 

MIC MRC 

Erythromycin 
--____ 
MIC MBC 

Roxlthromycin 

MIC MBC 
--~ 

- FB 0.01 s 0.015 I I 2 2 0.06 0.125 0.25 0.5 0.12s 0.25 

CM-I 0.015 0015 I I I I 0.06 0 12s 0.25 0.5 0.125 0.25 

IOL-207 0.007 0~007 0 5 0 5 2 2 0.06 0.125 0.25 0 5 0.125 0.25 

Discussion 

Chlamydia spp. are human pathogens that cause respiratory 
and genital &act infections worldwide. Tetracycline and 

macrolides have been used frequently for the treatment of 
chlamydial infxtions. Recently, quinolones have attracted 
interest for their potential use in the therapy of respiratory 
infections. In vitro studies have also demonscrated that some 
fluoroquinolones are active agamstchlamydia! species.* 

In this study. the activity of the new quinolone. garen- 
oxacin, has been tested in vttro against Chlamydia spp. in 
comparison with otherquinolones. and with doxycychne and 
the macrolide drugs. erythromycin and roxithromycin. 

Garenoxacin was the most active of the quinolone drugs 
tested, with MiCs and MBCsranging from0.007 too.03 mg/‘L. 
The concentration of garenoxacin at which 90% of the iso- 
lates were inhibited and k!lled was 0.03 mg/L for C. rrucha- 
maris and C. priftaci isolates The MICs and the MBCs of 
garenonacin ranged from 0.007 to 0.0 IS mg/L for the three 
C. pneumoniae isolates. The MfCs and MBCs of garenoxacin 
were consistent from species to species and from strain to 
strain.These results are very similar (0 those reported recently 
by Malay el aLs who tested five strains of C. traclzomutis 

(MICs and MBCs of 0.015 mg/L) and 20 recent cltnlcal iso- 
latesofC.pneumo~rrae(MICWandMBCWofO.OI 5 mg/L). 

The finding that for the 33 chlamydial isolates studied the 
M1C.s of garenoxacin. levofloxacin and ciprofloxacin were 
the same as the MBCs confirms previous observations that 
quinolones. at concentrations equivalent to their MICs. seem 
to kill chlamydial srrains.g-‘O Our MIC data were also similar 
to a previous findmg.‘O Malay er al B reponed that garen- 
oxacin was the most active quinolone against C. pneunron&e 
and C. rrnchomnrrs isolares tested. Our data confirm those 
results In addillon. our data also demonstrared that galen- 
oxacin was the mosI acltve qulnolone against C psirmci. 

therefore demonstldtcng rtlat garcnoxaccn IS (hc nlobt ac~rvc 
quinolonc rested thus fat .lsarns( ctllactlydmc 

Frnally. it is notcwor~chy rtlnt m lhls study thete wa\ no 
signiticanr va~i,rr~on III antinltcr-obl,tl xnclrivltv ~IIIO~~~ 

5lratm IIOIII rhc \ .II IOU\ chl,ullydl,ll S~CCKXX .III~ WV~I,II 

passages of the chlamydial strains in cell culture did not 
modrfy their sensitivity to antimicrobial drugs. 
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